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Attempts have been made in the studies on poliomyelitis conducted in this 
laboratory in recent years, to recover virus from autopsies, from patients,  and 
from contacts.  In the  earlier  work efforts were  concentrated  on isolation of 
virus from cord and medulla of human autopsies  and  cerebrospinal  fluid and 
nasal washings of patients.  During the last  2 years other tissues,  colon con- 
tents, and urine of autopsies and stools of patients and contacts also have been 
studied.  The present report summarizes this work from the time of its begin- 
ning in July, 1934, to the close of last season, December, 1940. 
Materials and Methods 
Tissue.--The tissues listed in Table I  were collected from autopsies under aseptic 
conditions and preserved in sterile  50 per cent glycerol, with buffered saline at 4°C. 
They were prepared for injection by grinding in a sterile mortar, then adding buffered 
saline to make a  10 per cent suspension.  The suspension was centrifuged and 1 cc. 
of  the  supernatant  fluid  was  injected  intracerebrally  and  3  cc.  intraperitoneally, 
usually into Macacus mulatta.  In a  few instances M. irus  was used, and appeared 
to be just as susceptible as M. raulatta. 
Cerebrospinal Fluid.--Several methods were employed in inoculating spinal fluids. 
Individual fluids were injected into monkeys either by the intracerebral or intrathecat 
route,  while  a  simultaneous  intraperitoneal  inoculation  was made  with  fluids  that 
were in excess.  In certain instances the fluids  were pooled before injection.  Swiss 
mice also were injected with the same fluids in an attempt to recover other neurotropic 
viruses. 
Nasal  Washings.--Nasal  washings  were  treated  in  the  following  several  ways 
before injection: 
1.  Treated  with  0.5  per  cent  phenol  to  destroy  the  bacteria,  following  either 
centrifugation or vacuum distillation. 
2.  Filtered through Berkefeld V filters. 
3.  Placed in 50 per cent glycerol with saline an d  kept in the ice box at 4°C.  for 
3 days. 
* Aided by a grant from the National Foundation for Infantile Paralysis, Inc. 
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Intracerebral  and  intraperitoneal  injections  and  intranasal  instillations  were 
performed. 
Stools.--Stools were treated for injection both by the etherization method of Trask, 
Vignec, and Paul  (1)  and by the intranasal instillation method of Howe and Bodian 
(2).  A  high  mortality  rate  followed  intracerebral  injections  and  these  were  dis- 
continued  early in the work.  About half of the monkeys  received both  intranasal 
TABLE  I 
Material inoculated 
Autopsy 
Spinal cord-medulla .......... 
Cerebral cortex .............. 
Olfactory bulb ............... 
Hypophysis ................. 
Lymph node (mesenteric) ..... 
Thymus .................... 
Peyer's patch ................ 
Liver-spleen  ................. 
Bile ........................ 
Colon contents .............. 
Urine ....................... 
Tonsil-adenoid... ............ 
Living patient 
Cerebrospinal fluid ........... 
Nasal washings .............. 
Stool ....................... 
Urine ....................... 
Contact 
Stool  ....................... 
First passage  Second passage 
Lsi%'e  oslti,°   e  e r]p osi i e   o itive 
36  ,  '  33  ]24 
o, 
o§ 
11 
0 
0 
10 
0 
0 
0 
0 
0 
0 
26 
0 
50 
0 
0 
20 
0 
0 
2 
2 
7 
0 
11 
33 
13 
* Per cent positive in second passage is based on the original number of attempted  iso- 
lations. 
Questionable results in 1 case. 
§ Questionable results in 3 cases. 
and  intraperitoneal  injections  of  the  prepared  stool material  while  the  other  half 
received intranasal  instillations only,  The intraperltoneal injections along with the 
intranasal  did not increase  the number of isolations accomplished.  In fact,  in the 
1940 series 2 stools out of 16 that were injected by both methods were positive, while 
6 out of 21 receiving only the intranasal instillation yielded virus. 
Cr~leria for Reading Results.--Positive symptoms and histopathology in both first 
and second passage animals fulfill the standard commonly accepted by workers in the 
field of experimental poliomyelitis, as indicating isolation of a virus.  A considerable 
number of workers, however, especially in connection with the recent study of virus 
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only would  indicate the presence of the virus in the material tested, but would not 
mean that virus had been recovered.  Monkeys showing weakness or paralysis within 
6 weeks after inoculation have been termed positive.  In all questionable and in most 
of the clinically  positive monkeys, histopathologic confirmation has been obtained 
before a positive diagnosis  was accepted. 
FINDINGS  AND  DISCUSSION 
Occurrence of symptomatic monkeys in both the first and second passages 
are included for comparison in Table I.  Results of subsequent passages are 
reserved for a  future report. 
In the first passage, positive findings were obtained in 50 per cent of spinal 
cord-medulla tissues, in 10 per cent of the olfactory bulbs, in 26 per cent of the 
colon  contents,  and  in  50  per  cent  of  the  tonsil-adenoid  tissue  tested  from 
autopsies.  20 per cent of stools from active cases and 5 per cent of stools from 
carriers were positive. 
Positive results in the second passages were obtained only with spinal cord- 
medulla and tonsil-adenoid tissue, from colon contents of autopsies, and from 
the stools of active cases and contacts.  Other tissues and excreta as listed in 
Table I  were tested without  success. 
1.  Material from Autopsies.--In  the  studies  of autopsy material  emphasis 
was  placed  on  examination  of  cord-medulla,  brain  cortex,  olfactory  bulbs, 
mesenteric  lymph  nodes,  tonsil-adenoid  tissue,  colon  contents,  and  urine. 
Occasionally othe~ tissues were tested as listed in Table I, but all were negative. 
Questionable results were procured in the case of one urine from an autopsy, which 
has been omitted from the table.  The monkey used for the test had previously been 
inoculated  intranasally with stool from a  patient,  had remained asymptomatic for 
6 weeks and had been returned to stock.  Owing to a shortage of stock animals it 
was promptly reinoculated intranasally with urine aseptically procured from a fatal 
case.  9 clays later it developed marked weakness of the right leg and was sacrificed. 
The cord was only suggestively positive microscopically and was not infective for a 
second monkey.  Since the results are questionable it is possible only to suggest that 
urine may at times contain virus. 
Table II shows the results of attempts to recover virus from 22  autopsies 
from which both cord-medulla and other tissues were tested.  In  this series, 
as judged by first passage results it will be seen that the  cord-medulla tissue 
was positive in 11 and negative in 11.  In the autopsies in which the cord was 
positive,  other  materials,  i.e.,  tonsil-adenoid  tissue  or  colon  contents  were 
positive in 73 per cent while in the autopsies in which the cord was negative, all 
materials, with the exception of the one olfactory bulb, also were negative. 
In  cases in which  two materials were found  to be positive from the  same 
individual, the two strains of virus appear to produce similar symptomatology 
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In the main these findings are similar to those recently reported by Sabin and 
Ward  (3).  Their  results  do  show motor cortex  to have been positive  while 
frontal and occipital cortex were negative.  The portions of cortex tested  in 
this  series  were  taken  from  both  frontal  and  motor  areas.  They  report 
negative  results  with  olfactory  bulbs  while  one  was  positive  in  this  series. 
These  combined  results  indicate  that  occurrence of virus  in  olfactory bulbs, 
at least in sufficient amount to produce poliomyelitis in monkeys, is rare. 
2.  Material from  Cases.--Cerebrospinal  Fluid: As  the  work progressed  134 
attempts  were  made  to  recover virus  from spinal  fluid of active  cases.  All 
were negative,  though in one instance an injected  animal exhibited  question- 
TABLE II 
Autopsies  from Which Multiple Materials Were Tested 
Materials tested 
Cord-medulla .................... 
Cerebral cortex .................. 
Olfactory bulb ................... 
Lymph node .................... 
Thymus ........................ 
Hypophysis  ..................... 
Peyer's patch .................... 
Liver-spleen ..................... 
Bile ............................ 
Colon contents .................. 
Urine ........................... 
Tonsil-adenoid .................. 
Cord positive 
Positive  Negative 
11 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
3 
0 
11 
6 
9 
1 
3 
0 
3 
1 
3 
2 
1 
Cord negative 
Positive  Negative 
0  11 
0  5 
1  3 
0  5 
0  0 
0  2 
0  1 
0  0 
0  5 
0  11 
0  6 
0  2 
able  symptoms.  Sections  from  the  cord,  however,  were  negative  so  all  at- 
tempts are reported  as negative. 
Nasal Washings:  Attempts also have been made to recover virus from nasal 
washings of patients.  These were originated  with  the aid of Dr.  Trask, Dr. 
Paul, and Dr. Webster, who were in Los Angeles during the early part of the 
poliomyelitis  epidemic  of  1934,  at  which  time  they  succeeded  in  recovering 
virus from the nasal washings of one case (Paul, Trask, and Webster (4)).  Of 
139 attempts reported in this study, however, only 3 injected animals exhibited 
suggestive symptomatology and corroborative evidence was not presented by 
study  of  the  tissues.  Hence,  all  attempts  are  reported  as  negative.  Such 
negative findings afford additional information with reference to the difficulty 
of detecting virus in nasal washings. 
Stools:  Of the 53 stools obtained from active cases, 16 were examined in 1939 
and 37 in 1940.  The clinical type of disease of the patients, sex of the patients, 
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Paul, and Vignec (5) have been included.  Our figures indicate no significant 
differences between the percentage of individuals positive in the paralytic and 
non-paralytic types nor between  the  percentages of males and  females who 
were positive.  Certain slight differences, however, are noted in the series of 
Trask, Paul, and Vignec. 
Graphs 1 and 2 show an analysis of the stools from cases and of the colon 
contents  from  autopsies  tested  for virus.  Graph  1  indicates  the  results  of 
stool tests with reference to the time in the disease when they were collected 
and Graph 2 indicates the ages of the cases. 
It will be observed from the graphs (1) that all isolations of virus from the 
stools or colon contents of patients and  autopsies occurred within  the first 3 
TABLE  III 
Clinical Type of Disease and Sex of Patients Whose Stools Were Examined for Virus in First 4 
Weeks of Disease 
Number of cases  ............... 
Average age ................... 
Number positive ............... 
Per cent positive ............... 
Clinical type  .  Sex 
Paralytic  [  Non-paralytic  Male 
T.P*  L.A.~  T.P.  L.A.  T.P.  L  b..  T.P.  __ 
38  [  27  [  15  [  26  [  32  [  35  21 
9[16111  13  9  14  1  0 
4  6  4  5  [  6  [  7  2 
10  22  27  19  18  20  10  [ 
Female 
L.A. 
18 
20 
4 
22 
* Trask, Paul, and Vignec. 
:~ Los Angeles. 
weeks after onset; (2) 40 per cent of the 35 patients under 15 years yielded virus 
while only 8 per cent of the 38 patients above 15 years yielded virus. 
These results compare favorably with those of Trask, Paul, and Vignec (5), 
who procured 10 positives out of 63 cases tested.  Howe and Bodian (6) report 
a  much  higher  incidence  of  isolations.  Sabin  and  Ward  (3)  also  report  a 
higher incidence of virus in stools of children under 5 years than in  their age 
group 8 to 28.  The facts that Howe and Bodian's cases were in the first decade 
of life and  that most of the stools were examined in  the first 2 weeks of the 
disease may be  at  least  partially  responsible  for  the  high  incidence  they 
procured. 
Comparison  of  Stool  Isolations  with  Cord-Medulla  Isolations.--While  pre- 
paring  the  graphs  of  time  and  age  distribution  of  cases  whose  stools  were 
tested for virus it was thought that it might be of interest to prepare similar 
graphs which  show  the occurrence of virus in autopsy cords by weeks, after 
onset of the disease, and also the age of the autopsy cases.  Graphs 3 and 4 
portray this analysis and the following comments are of interest: 
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onset.  (2)  55 per cent of attempted isolations in the 1st week and 56 per cent 
of attempted isolations in the  2nd week were positive, while only 14 per cent 
of the attempts in the 3rd week were positive.  (3)  71 per cent of 35 autopsies 
under  16 years yielded virus  while 31  per  cent of those  16  years and  over 
yielded virus.  (4)  84 per cent of the 33  autopsies under 16 years of age and 
whose deaths occurred within 3  weeks after onset yielded virus.  This would 
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GRAPH 1.  Recovery  from stools by weeks after onset. 
GRAPH 2.  Recovery of vl~u~ ~mm stools, showing ages of patients. 
appear to be a significant  increase when compared with Table I  which shows 
that only 50 per cent of all attempts were positive. 
It will be observed that striking parallels exist between attempts to recover 
virus from stools and from cord-medulla tissue of autopsies in so far as age of 
patients  and  time in  the  course of disease  when isolations were attempted. 
Two generalizations are indicated: 
(1)  A  higher  percentage  of  isolations  have  been  obtained  from  children 
(below 16) than from adults. 
(2)  The earlier in the course of the disease that attempts are made to isolate 
virus the greater the chance for success. 
Urine.--Urine was collected from 7 cases who harbored virus in their stools. 
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3. Mat,  rialfrom Contacts.--Attempts  were made to recover virus from stools 
of intimate contacts in families where multiple cases occurred or of cases which 
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GRAPH 3.  Recovery of virus from autopsy cords by weeks after onset. 
GRAPH 4.  Recovery of virus from autopsy cords, showing ages of patients. 
suggested a  possible contact history of special interest.  Of  19 such  contacts 
tested only one yielded virus. 
The contact was a  physician in the admitting room of this hospital whose wife 
developed paralytic poliomyelitis.  He developed a very severe headache during the 608  POLIOMYELITIS VIRUS IN AUTOPSIES, PATIENTS, CONTACTS 
first days of her illness.  This was without temperature and rare for him.  Otherwise 
he was entirely well and had no symptoms referable to poliomyelitis.  About 2 weeks 
later he noted a brief weakness in one foot while playing badminton.  We are inclined 
to attribute  the headache to worry and fatigue and the foot weakness to sport, but 
these must be matters of opinion.  It is only possible to speculate as to whether the 
carrier transmitted the virus to the patient, whether he acquired the virus from the 
patient, or whether both patient and carrier acquired it from a common source. 
Table IV gives a  tabulation  of the results of Kramer,  Gilliam,  and Molner 
(7), of Trask,  Paul,  and Vignec (5),  and of this  summary in testing stools of 
contacts.  It is seen that in an institutional outbreak, Kramer et al., procured 
20 per cent positive results of the individuals tested while Trask et al., procured 
negative results from varied sources.  In combining tests of all three surveys 
it is seen that 8 per cent of the 60 individuals examined harbored virus. 
TABLE  IV 
Stools from Contacts Tested for Virus 
Number positive  Number negative 
Kramer et al ...........................  4  16 
Trask et al .............................  0  36 
Kessel et al ............................  1  18 
Total ...............................  5  60 
Per cent positive ............................................  8 
Repeat Stools.--Second  and  third  stools were collected from 1 to 3  months 
apart from 5 patients  and one contact whose first stools examined  contained 
virus.  16 such stools were tested,  only the first one from each patient  being 
recorded in Table I.  All these repeat stools from patients were negative.  A 
positive stool, however, was obtained from the contact 2 months after the first 
positive but a stool examined 3 months after the first positive yielded no virus. 
These observations afford corroborative epidemiologic evidence with reference 
to the dissemination of poliomyelitis virus in the stools of carriers. 
SUMMARY 
I. Poliomyelitis  virus  has been recovered in monkeys from 50 per cent of 
spinal  cords,  10 per cent  of  olfactory  bulbs,  50 per cent  of tonsil-adenoid  tissue, 
and from 26 per cent of the colon contents of autopsies;  from the stools  of 20 
per cent of patients,  and of 5 per cent of the contacts examined in this  series. 
2. Other materials  as indicated  in Table I were tested  without success. 
3. In autopsies  with positive  cords,  tonsil-adenoid  tissues,  or colon contents 
were positive  in 73 per cent. 
4. 22 per cent of stools  from patients with paralysis  yielded virus  and  19 
per cent  of the stools  from patients  without paralysis  yielded  virus. J.  F.  KESSEL~  F.  J.  MOORE,  F.  D.  STIMPER%  R.  T.  FISK  609 
5.  20 per cent of the stools from males and 22 per cent of the stools  from 
females  yielded  virus. 
6.  40 per cent of 35 stools from patients under 16 years yielded virus  while 
8 per cent of 38 stools from patients above the age of 15 yielded virus. 
7.  71  per  cent of the  cords of 35  autopsies  under  16 years yielded  virus 
while 31 per cent 16 years and over yielded virus. 
8.  Repeat stools from 5 positive cases, 1 month after the first positive stool, 
were negative.  The stool of one contact was positive the  2nd  month  after 
first recovery but was negative the 3rd month. 
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